Background: Most preoperative surgical training programs experience challenges with the availability of expert surgeons to teach trainees. Some research suggests that trainees may benefit from being allowed to actively shape their learning environments, which could alleviate some of the time and resource pressures in surgical training. The purpose of this study was to investigate the effects of self-directed or prescribed practice schedules (random or blocked) on learning suturing skills.
S
urgical instructors often predetermine the details of training sessions, such as the order of practised tasks, the duration of practice, and timing and type of feedback, while the trainee remains relatively passive. Such training environments are often not tailored to the informational needs of individual learners and, as such, are likely to be suboptimal learning environments. However, as surgical training programs contend with limited instructor availability and time allotted to teach fundamental technical skills, there is a trend toward the use of self-directed learning modules (e.g., CD-ROM and online programs) that require learners to be more active and independent. Recent research suggests that self-directed practice might assist surgical educators in creating learning environments that better support trainees' motivation to practise by meeting changing informational needs. 1 A study conducted by Jowett and colleagues 2 demonstrated that skill performance for tying knots was unaffected by practice enforced after trainees decided they had reached proficiency and did not require further practice. These researchers speculated that the learning environment (e.g., simulation model and instructions) remained unchanged after the trainees reached a certain proficiency on the skill and therefore did not provide any additional benefit to learning. Studies using laboratory, sporting and surgical tasks have shown that motor learning can be facilitated if the learner is able to self-direct various aspects of their training experience, such as frequency of feedback, [3] [4] [5] [6] access to video instruction 6, 7 and order of practised tasks.
1
Surgical educators have also begun to consider how other aspects of the training environment, such as distribution and schedule of practice, can be optimized to enhance motor learning within time constraints. 8 With respect to practice schedules, the literature has shown that performance during acquisition of related tasks practised in a random or unsystematic order (e.g., ACB, BAC, ABC, for 3 tasks A, B and C) is impaired compared with perform ance of tasks in blocked or drill-type order (e.g., AAA, BBB, CCC). Interestingly, however, after a rest period, performance is better on a delayed test for random practice compared with blocked practice. This phenomenon is referred to as the contextual interference effect 9 and is often explained by the forgetting hypothesis, 10 which suggests that practice that forces the learner to repetitively forget and recall the required skills, such as random practice, will enhance delayed performance. This is important because, unlike immediate postpractice performance, which often represents transient practice effects, delayed tests are more likely to reflect relatively permanent improvement in ability (i.e., learning). 11 Since the motor learning literature has shown the contextual interference effect to be greatest for simple laboratory tasks, 12, 13 researchers have begun to explore its applicability to more complex tasks in the surgical domain. While these studies have shown divergent results, [14] [15] [16] they highlight the fact that, in the surgical domain, interactions between performance and practice variability can be affected by task difficulty. While there is some evidence supporting random and self-directed practice in the surgical domain, to our knowledge, no studies have examined both practice schedule and the selection of practice schedule for the same surgical skill. The purpose of this study was to determine how practice schedule (random or blocked) and selection of practice schedule (self-directed or prescribed) contribute to learning of suturing skills. We hypothesized that self-directed and random practice schedules would produce better postpractice performance than the other prescribed practice schedules.
METHODS

Participants
We recruited first-and second-year medical students from the University of Toronto to participate in our study. The University of Toronto and Mount Sinai Hospital Research Ethics Boards approved the research protocol, and all participants provided voluntary informed consent.
Procedure
Each participant viewed an 8-minute instructional video of an expert demonstration of 3 types of wound closure skills: simple interrupted, vertical mattress and horizontal mattress. Using Sofsilk 3-0 silk sutures (United States Surgical Corporation, Covidien), a synthetic skin pad (Limbs & Things), curved needle, forceps and a needle driver, all participants performed a pretest consisting of 1 trial of each of the 3 sutures without any feedback or access to the instructional video. Each participant was then randomly assigned to 1 of 4 practice schedule groups: self-directed, random, blocked or matched control. Partici pants in the self-directed group were free to choose their practice schedules with the constraint that by the end of practice they had performed 5 trials of each suture type. The random and blocked groups received prescribed practice protocols and practised the 3 suture types in the orders outlined in Table 1 . Participants in the matched control group served as a control, such that each participant in this group was prescribed exactly the same practice schedule as 1 participant from the self-directed group. The difference between the random and self-directed groups (other than the prescription of the practice schedule) is that the random group had a truly random schedule whereas the self-directed group may have selected elements of both blocked and random patterns in their schedules. During practice, all participants were free to review the instructional video as frequently as they wished. After the practice session there was a rest interval of 1 hour followed by a posttest administered in the same manner as the pretest.
Statistical analysis
The pretest and posttest performances were videotaped and used to obtain measures of performance to assess learning. First, total time to complete each suture (perform ance time), from the first needle puncture in the skin pad to cutting of the final sutures, was extracted from each video. Second, the pretest videos were independently assessed by 2 experts blinded to the experimental condition or group. The expert observers used 3 validated measures to assess performance across all 3 suture techniques: a global rating scale of operative performance 17 (maximum score 35), a checklist for suture of skin laceration 17 (maximum score 11) and a final product analysis 18 (maximum score 4). These scores were used to assess interrater agreement and consistency by calculating single-measures intra class correlation coefficients (ICCs) with 95% confidence intervals (CIs) using a 2-way, random-effects model with both absolute agreement and consistency methods. Absolute agreement implies that the raters assigned similar scores (absolute values) for similar performances, whereas consistency means that the raters' scores followed similar trends for the performances even if the absolute scores were not the same. For formative or summative classroom-type assessment, reliability is expected to be in the range of 0.70-0.79 or lower depending on the length of the test/number of test items. 19 One rater then went on to score the posttest videos using the same measures. Difference scores were calculated for performance time and each of the validated measures by subtracting the pretest score from the posttest score. The difference scores were analyzed in separate 4-group 1-way analyses of variance. We considered effects to be significant at p < 0.05, and they were further analyzed using the Tukey honestly significant difference method for post hoc comparison of means. We also calculated Cohen d effect sizes (using average standard deviations) to help determine the importance of group effects independent of sample size. Effect sizes at 0.2, 0.5 and 0.8 were considered small, medium and large, respectively.
RESULTS
Thirty-eight first-and second-year medical students (20 women and 18 men with a mean age of 23 yr) from the University of Toronto participated in our study. Ten partici pants were randomly assigned to the self-directed group, 9 to the random group, 10 to the blocked group and 9 to the matched control group. Inspection of the practice schedules selected by the participants in the self-directed group showed that 7 of 10 participants chose a blocked practice schedule. The order of the blocks was the same as the order of suture types demonstrated on the instructional video. The remaining 3 participants chose a hybrid schedule that was predominantly blocked, but had some elements of randomization that appeared later in practice.
Interrater consistency and agreement
Intraclass correlations were calculated for the 2 raters who viewed the pretest videos to determine whether scores from 2 independent raters were consistent and/or in agreement. As seen in Table 2 , the ICCs indicated that there was moderate agreement and consistency between the raters for each measurement tool (global rating scale, checklist, final product analysis). The global rating scale had the highest agreement and consistency, followed by the checklist and the final product analysis. However, overlap among the CIs suggests that there were no significant differences in agreement or consistency among the measurement E144 J can chir, Vol. 56, N o 6, décembre 2013
Table 1. Practice schedules used by participants in each group
Trial Random Blocked Self-directed (P1-P10) and matched control (P1-P9) P 1 P 2 P 3 P 4 P 5 P 6 P 7 P 8 P 9 P 10
tools. The ICCs were all in the range 0.50-0.70, which we believe is acceptable considering the number of items used for each measurement tool. Since we determined that the scores were fairly stable across raters, only 1 rater continued evaluation of the posttest videos.
Performance time
Means and standard errors for differences in performance time from pretest to posttest are shown in Figure 1 . The analysis of performance time showed a main effect of group for the simple suture (F 3,27 = 4.04, p = 0.017). Tukey post hoc comparisons indicated that self-directed participants decreased their performance time significantly more than both the blocked (p = 0.036) and matched control (p = 0.040) groups. Further, the effect sizes for both these comparisons (d = 1.2 and d = 1.3, respectively, exceeded Cohen's convention for a large effect. Performance times for the other 2 suture techniques (horizontal and vertical mattress) showed similar patterns, but these effects were not significant.
Expert ratings
The analyses of the expert ratings did not show any significant effects of group. However, as seen in Figure 2 , the trends suggest that on average the self-directed group demonstrated greater or similar improvements from pretest to posttest, particularly using the global rating scale. These results are similar to those for performance time of the simple suture. In fact, since these trends were similar, we calculated Cohen d effect sizes to compare each group to the selfdirected group. The effect sizes were d = 1.1, d = 1.3 and d = 0.8 for comparisons of the self-directed group with the random, blocked and matched control groups, respectively.
DISCUSSION
Our results demonstrate that when compared with the blocked and matched control groups, the self-directed group experienced a significant improvement in performance time for the simple interrupted suture. Furthermore, both these effect sizes were large, suggesting that these effects may have practical importance for training of suturing skills. Our analysis of expert evaluations using a global rating scale, checklist and final product analysis yielded no significant group effects, but trends were similar to those observed for performance time. In addition, effect size calculations for the global ratings showed large effects for comparisons between the self-directed group and all other practice groups, suggesting that these results are also important for future research in this area. Unlike most studies in the basic motor control literature but in line with the surgical training literature, our results do not support the contextual interference effect; that is, they do not show a learning advantage for random compared with blocked practice. This suggests that random practice does not facilitate improved performance for this particular skill (suturing) and adds support to the idea that random practice does not always confer an advantage for learning, particularly for more complex skills like those often explored in the surgical domain. 2 One may argue that the 3 suture types used were quite similar, with only minor variations in the details of the general suturing task. It is then possible that these small variations may not be enough to force the learner to forget and recall the skills; hence, not enough to produce the contextual interference effect. However, in a recent review, Merbah and Meulemans 20 conclude that for more complex applied tasks, the contextual interference effect can appear even when there are variations only within the same type of task. This notion of task complexity and its interactions with motor learning effects should always be considered and is addressed in the challenge point framework, described by Guadagnoli and Lee.
11 They proposed that the effectiveness of a particular practice condition depends on an interaction between the difficulty of the task and the expertise of the learner. It is possible that, for the medical students who participated in the present study, the psychomotor demands of learning 3 suturing techniques, as well as the difficulty of each technique, already taxed their cognitive and attentional resources such that the added cognitive demands imposed by random practice did not help learning.
Consistent with the challenge point framework, our results also showed a learning advantage for individuals who practised using a self-directed schedule. This advantage over a matched control group has been previously shown for various aspects of practice [3] [4] [5] [6] [7] and can be ascribed to increased autonomy, which likely allows the participant to adapt the learning experience to his or her specific needs and may also result in increased motivation, more instances of deliberate practice and improved motor learning. 7 However, the advantage of a self-directed practice schedule over prescribed random and blocked practice is particularly interesting. Despite having chosen predominantly blocked schedules and changing to a random schedule later in the training phases, the self-directed group experienced superior learning. Furthermore, since the benefit of a selfdirected practice schedule was significant only for the simplest suture technique, it is possible that increased task difficulty (and greater cognitive load) imposed by more difficult suture techniques reduced the advantage of a selfdirected practice schedule for the horizontal and vertical mattress suture techniques. This emphasizes the complex interaction of task difficulty and training conditions that are required for optimal learning. 11 Nonetheless, the selfdirected learning advantage that we observed is consistent with the literature that has been produced using basic laboratory tasks and now adds to the emerging work in the clinical skills domain, particularly for self-directed practice schedules as opposed to self-directed feedback or access to instructional materials.
Limitations
While this study is an important first step in understanding the role of practice schedules and instructional methods in learning surgical skills, we believe that more research is required to examine the impact of practice schedules for a variety of surgical tasks performed by surgeons with various skill levels. Furthermore, the generalizability of our results is limited to this particular skill, the population that was tested and the short time period over which we assessed learning effects. We are currently looking at similar processes in surgical residents to examine whether increased skill levels have any interaction with the already reported benefits to self-directed practice. Since our results were different across suturing techniques, we believe that in future studies and in practice, researchers and trainers should take care to examine component skills in a training program and so identify specific areas where trainees may require extra practice or instruction.
CONCLUSION
Many surgical skill centres are now offering 24-hour access to their facilities; however, instructors are often not available to provide expert direction during off-hours, leaving trainees to manage their own practice sessions. Our findings suggest that self-directed practice schedules within a curriculum may contribute to optimal learning of basic technical skills, such as simple suturing.
